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Abstract 
The thermal resistance temperature measure-ment technique is widely used in the temperature measurement and 
control systems for dry-type transfor-mers. The infrared temperature measurement technique has been put into 
practical use. The fiber-optic sensing temperature measurement technique is newly developed and has a good 
development prospect. All these three kinds of temperature measurement techniques have too low response speed in 
the temperature measurement and control of dry-type transformers. The prediction temp-erature measurement and 
control method based on the BP neural network is feasible to increase the response speed. 
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1.Introduction 
Possessing such advantages as small size, light weight, simple structure, easy installation and 
convenient mainten-ance, dry-type transformers have been increasingly applied in power systems. 
Nevertheless, it’s a big problem how to keep a dry-type transformer’s temperature in normal range bacause 
a simple cooling system, natural air cooling system or forced air cooling system, is used to cool the 
transformer. The transformer will not normally operate in abnormal temperatures. Longtime 
overtemperature will shorten the transformer’s working life, or even cause the transformer to burn. In fact, 
a sophisticated temperature measurement and control system is useful and indispensable to solve the 
problem. So many researchers devote themselves to the temperature measurement and control technology 
for dry-type transformers. 
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2.Temperature sensing technology  
Since the first transformer was invented in the late 18th century, the temperature measurement and 
control technology for transformers has been making great progress, including the development of 
temperature sensing technology. Originally, alcohol thermometers were used to measure the temperature of 
transformer oil. Mercury thermometers were used in the temperature measurement of transformers later. 
Two contacts were set up on the ends of a mercury thermometer to trip the transformer or only alarm when 
the transformer was overtemperature. Besides, chameleon paint was another early temperature sensing 
technology. All these early temperature sensing technologies were simple, but not enough accurate, not 
enough fast and not enough reliable. So they have been obsoleted. At present, the temperature sensing 
technologies used for dry-type transformers are much more advanced. They use contact temperature 
sensors such as thermo couple sensors and thermo resistor sensors, or non-contact temperature sensors 
such as infrared temperature sensors to measure transformers’ temperatures. In addition, the newly 
developed optical fiber temperature sensors have been applied in the temperature measurement and control 
of dry-type transformers. 
2.1.Contact temperature sensing technology 
Contact temperature sensing technology uses contact temperature sensors to measure temperature. 
Contact temperature sensors work on the basis of heat exchange. Among them, thermo couple sensors and 
thermo resistor sensors are widely used in industry production and scientific research 
• Thermo resistor sensors operate according to the principle that the resistance value of a conductor 
made of platinum or copper increases with the increasing of the conductor’s temperature and vice 
versa. Platinum resistors such as Pt100, Pt1000 and so on are of common thermo resistor sensors. 
All of platinum resistor sensors are highly accurate and very stable. So Pt100 sensors are 
commonly used in the temperature measurement and control system for dry-type transformers. 
• Thermo couple sensors work in accordance with the principle that a small voltage signal always 
exists between two junctions in the closed thermoelectric circuit formed with two different 
material conductors if temperature difference exists between the two junctions and the voltage 
signal is proportional to the temperature difference. Obviously, temperature can be measured by 
means of measuring the small voltage signal. Thermo couple sensors have simple structure, wide 
temperature range, low thermal inertia, excellent measurement accuracy and long output signal 
transmission distance. 
Owning simple structure, excellent accuracy, good stability, contact temperature sensing 
technology has become the most common method to measure the temperatures of dry-type 
transformers although its response speed is low, with about 1-2 minute delay. 
2.2.Infrared temperature sensing technology  
All objects with temperature above absolute zero radiate infrared rays, called infrared radiation. The 
hotter an object is, the more infrared ray energy it radiates. So the object’s temperature can be measured 
through measuring the energy of its infrared radiation.  
Infrared temperature sensors depend on the principle above to work. Obviously they can measure an 
object’s temperature without contacting with it and they belong to non-contact temperature sensors. 
Infrared temperature sensing technology has many advantages, i.e. fast response speed, wide 
temperature range, strong security, etc. On the other hand, its measurement sensitivity is very low. And so 
its measurement error is very large, up to about 20℃, or 5-10℃ to some good performance sensors. 
Moreover, infrared temperature sensors are much more expensive than those contact temperature sensors. 
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Therefore Infrared temperature sensing technology is usually applied in the temperature measurement and 
control system for large dry-type transformers which require stronger security. 
2.3.Fiber-optic temperature sensing technology 
Recently fiber-optic temperature sensing technology has become one of hot research fields of 
temperature measurement and control technologies and become one of development directions of the 
temperature sensing technology for power transformers. As a result, a great variety of fiber-optic 
temperature sensors based on different principles have been appearing 
• Fluorescence fiber temperature sensing technology 
Fluorescence fiber temperature sensors are made of some special fluorescence materials. Optical 
pulses from a LED light source pass through fibers to optical fiber sensors embedded near the 
wires of transformer windings. Under the action of the pulses, the sensors’ fluorescence material 
emits long wavelength fluorescence. By means of measuring the damping time of the fluorescence 
returned, the temperatures of the transformer windings can be measured. This temperature sensing 
technology had ever been used early in 1980s. For example, it has been used in the WTS-11 
fluorescence fiber temperature measurement system for transformer windings developed by 
Luxtron company. 
• Semiconductor fiber-optic temperature sensing technology. 
• Semiconductor fiber-optic temperature sensors are based on the principle that the wavelength of 
the light absorbed by semiconductor materials increases as the temperature increases. If the light 
source’s spectrum is in the absorption band of some semiconductor material, the light intensity 
through the semiconductor material decreases with the increasing of the temperature. 
Correspondingly, the light intensity reflected from the semiconductor material increases with the 
increasing of the temperature. The temperature can be measured through measuring the light 
intensity with light detectors. In fact, some scientists and engineers have made efforts to use 
semiconductor fiber-optic temperature sensors in the temperature measurement of large power 
devices. It is believed that semiconductor fiber-optic temperature sensors will be applied in the 
temperature measurement and control system for dry-type transformers in the future. 
• Fiber bragg grating (FBG) temperature sensing technology 
FBG temperature sensing technology was developed in 1990s. It is based on the principle that 
temperature changes refractive index, called thermo-optic effect, or thermal expansion changes 
FBG period, called thermo-expansion effect. The temperature can be calculated from the drift of 
the central wavelength of the FBG. Presently, the FBG temperature sensing technology is still in 
the stage of exploration and development. FBG temperature sensors are much more expensive than 
others. And their installation and maintenance are much more complex than others. In spite of 
having high measurement accuracy, good measurement sensitivity and rapid response speed, they 
must be greatly improved before being put into practical use in the temperature measurement and 
control system for dry-type transformers. 
3.Temperature measurement and control systems  
With the development of dry-type transformer technologies, the temperature measurement and control 
systems for dry-type transformers have been making progress correspondingly. At present there are various 
dry-type transformer temperature measurement and control systems, including the thermal resistance 
temperature measurement and control systems controlled by MPU or PLC, the non-contact infrared 
temperature measurement and control systems, the distributed optical fiber temperature measurement and 
control systems, etc. 
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Each of the existing temperature measurement and control systems for dry-type transformers possesses 
the following functions: 
• Display of temperatures. Displays the temperatures of windings together or separately by phase, 
and displays the maximum temperature. 
• Data storage. Records the maximum temperature before malfunction. 
• Threshold temperature setting. Sets the threshold temperatures of starting and stopping fans, 
alarming and tripping operation. 
• Self-checking. If the temperature sensors are out of order, system will alarm. 
• Manual operation. Starts/stops fans by manual operation. 
• Communication. Communicates with PC and is controlled remotely. 
3.1.The temperature measurement and control system based on thermal resistance sensors 
Thermal resistance sensors are widely used to measure the temperatures of dry-type transformers. The 
temperature measurement and control system based on thermal resistance sensors is shown in Figure 1. 
Here the thermal resistance sensors are commonly armored Pt100 sensors and the armored Pt100 sensors 
are usually embedded into the transformer’s iron core and near three phase windings. 
 
 
Figure 1.  The temperature measurement and control system based on thermal resistance sensors. 
In the system, temperature signals are sensed by thermal resistance sensors. They are amplified and 
changed into digital signals in signal processing circuit. The digitalized temperature signals are passed into 
MPU. After the data are processed by MPU, the real temperatures of the transformer are obtained and 
passed into display circuit to display them. Moreover, MPU compares real temperatures with threshold 
temperatures preset and controls related circuits to start or stop cooling fans, to alarm or trip the 
transformer when necessary, according to the comparing results. 
3.2.The temperature measurement and control system based on Infrared temperature sensors 
For higher voltage and larger capacity dry-type transformers, the temperature measurement and control 
system based on thermal resistance sensors no longer meets safety requirement. In this case, the non-
contact infrared temperature measurement technology is necessary. The temperature measurement and 
control system based on Infrared temperature sensors has been used to measure the temperatures of 
35kv/110kv transformers recently, as shown in Figure 2.  
In the system, the Infrared temperature sensors are above the transformer windings, but not touching 
them. The system can monitor the temperature distributions of transformer windings and the inner 
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temperatures of the transformer. Because large amounts of data need to be processed, a DSP is used in the 
system, instead of a MPU. 
 
 
Figure 2.  The temperature measurement and control system based on Infrared temperature sensors. 
3.3.The temperature measurement and control system based on distributed FBG sensors 
The temperature measurement and control system based on distributed FBG sensors is shown in Figure 
3. In the system, the temperature signals are sensed by several groups of FBG sensors placed near the 
windings of a transformer. They are sent to the signal processing circuit through two fibers. After being 
processed in the signal processing circuit, they are passed to DSP. By means of analyzing these data, the 
temperature distribution of the transformer windings is obtained by DSP. 
 
Figure 3.  The temperature measurement and control system based on distributed FBG sensors. 
Because this system can monitor the temperature distribution of transformer windings, it’s relatively 
easy to find the local hotspots or local short circuits of the transformer windings. Nevertheless, this system 
is not enough mature technically at present. Undoubtedly it needs to be greatly improved before it could be 
put into practical use. 
4.Prediction temperature control methods  
So far, the development of the temperature measurement and control systems for dry-type transformers 
has mainly focused on the direct temperature measurement techniques. The existing temperature 
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measurement and control systems for dry-type transformers are commonly based on some simple control 
methods. On the one hand, they generally use thermal resistance sensors with large temperature lag-effect 
in hardware. On the other hand, they only take a simple “measurement-comparison-action” process without 
any improvement in the temperature measurement speeds in software. So their response speeds are too low. 
Obviously, more sophisticated control methods are necessary to improve the response speeds of the 
temperature measurement and control systems for dry-type transformers. 
The prediction temperature control method based on BP neural network is just effective to increase the 
response speed of temperature measurement and control. It makes use of electrical parameters such as 
voltage, current, and power factor to predict transformer temperatures instead of directly measuring the 
temperatures. Because the measurement speed of electrical parameters is much higher than that of 
temperatures, the response speeds of the prediction control method is very high. On the other hand, it can 
accurately predict the temperatures of transformers after being trained with many samples, because of its 
arbitrary nonlinear expressiveness and strong self-learning ability. So it is feasible technically. In fact, the 
prediction control method has been successfully applied in the temperature measure-ment and control 
systems for oil immersed transformers. 
BP neural network is a multi-layer feed-back network based on the error back-propagation algorithm. It 
mostly consists of three layers, including: an input layer, a hidden layer and an output layer. A BP neural 
network with three layers is shown in Figure 4, which could be used for predicting the temperatures of 
transformer windings: 
Counter regulatory metric
Input layer Output layerHidden layer  
Figure 4.  The BP neural network with three layer. 
In the network, there are three neurons in the input layer, nine neurons in the hidden layer and six 
neurons in the output layer. The self-learning process is introduced as follows: 
• An input sample set, S(I，U，cosψ，θ1，θ2,…,θ6 ), is provided to train the neural network where 
I is the current of a primary winding, U is the voltage of the winding, ψ is the phase angle between 
U and I, and θ1 to θ6 are respectively the temperatures measured with six temperature sensors 
placed near the transformer windings.. 
• The actual outputs of the neurons in layer l are calculated layer by layer starting from the input 
layer, as in 
1
1
n
l l
j ij i
i
x w y −
=
= ∑ .                                                                                                                                        (1) 
( )l lj jy f x=                                                                                                                                                (2) 
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where 
l
jx  is the input of neuron j in layer l, 
l
jy  is the output of neuron j in layer l, ijw  is the 
weight between neuron i and neuron j, and f() is the activation function of neuron j. 
• The differences between the actual outputs and the anticipation outputs are calculated layer by 
layer starting from the output layer, as in 
21 ( )
2
l l l
j j jE y y
∗= −                                                                                                                                  (3) 
where ljy
∗  is the anticipation output of neuron j in layer l, ljE  is the difference . 
• The weights are modified according to the differences, as in  
l
j
ij ij
ij
E
w w
w
η ∂= − ⋅ ∂ 0<η<1                                                                                                                        (3) 
where η is the step value. 
The self-learning process ends if the overall error E is less than the anticipation overall error ε. Thus the 
relationship between the temperatures of the transformer windings and the current, voltage, power factor of 
the primary windings could be gotten after several learning processes with several samples. And then the 
transformer temperatures could be calculated or predicted accurately according to the relationship. 
Actually, other prediction control methods and fuzzy control theory could also be used in the 
temperature measurement and control systems for dry-type transformers in order to improve their 
performances. 
5.Summaries 
• Temperature sensing technologies used in the temperature measurement and control systems for 
dry-type transformers mainly include contact thermal resistance temperature sensing technique, 
infrared temperature sensing technique and fiber-optic temperature sensing technique. 
• Two kinds of temperature measurement and control systems for dry-type transformers which have 
been put into practical use are respectively the thermal resistance temperature measurement and 
control systems and the infrared temperature measurement and control systems. In addition, the 
newly developed distributed FBG temperature measure-ment and control system has many 
advantages but it is not mature technically. 
• The response speeds of the existing temperature measurement and control systems are too low. 
The feasible solution is to use prediction temperature measurement and control methods such as 
the prediction method based on BP neural network in the temperature measurement and control 
systems for dry-type transformers. 
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